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Abstract 
When talking about large infrastructure projects one can often hear – “it is a very complex project”. What does it mean? What 
makes large infrastructure projects complex? This paper is exploring current views on project complexity and its development 
though history. As part of the research on large infrastructure projects, the perception and elements of complexity was 
investigated. The research is based on in-depth analysis of large infrastructure projects and project manager’s perception of 
complexity. The result of the paper is proposal of new model of project complexity for large infrastructure projects.  
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1. Introduction 
For large-scale infrastructure projects success has significant impact, not on the operation of the participants 
only, but it will impact also affects the local community and the State as well.  Therefore, the positive or negative 
results of large infrastructure projects are shared by the whole of society. Due to the complexity, interests, 
significance, role and level of uncertainty in large-scale projects, new management approaches are required, often 
in part specially designed for a specific type of project or region. Mega-infrastructure projects are characterised as 
uncertain, complex, politically-sensitive and involving a large number of partners (Clegg et al. 2002). They are 
carried out under conditions of high uncertainty, ambiguity and complexity with extremely tight deadlines and 
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budgets and are managed in the context of very complex operations, paradoxes, uncertainties, influences and 
ambiguities which surround these projects (van Marrewijk et al. 2008). 
Understanding the complexity of the project is important for project management because it is associated with 
difficulties in decision-making and goal attainment (Remington et al. 2009). In most, if not all, of these complex 
project failures, one could find as a root cause the inability of the project manager, team members, client, sponsor, 
or associated stakeholders, to discern the level of complexity with which they were faced (LeRoy 2005). They 
often recognize the complexity of their undertaking far too late to effectively address it in order to gain control. 
Therefore, project director, sponsor and/or manager need to be aware of project complexity from the beginning of 
the project in order to develop appropriate strategies and assign competent team members. 
The complexity of a project, along with the level of uncertainty, is the characteristic most commonly associated 
with large-scale projects. In the literature one can find various types of relationships between complexity and risk, 
i.e. uncertainty, which can be categorized in the three groups: 
• Uncertainty and complexity are independent characteristics (Clegg et al. 2002),(van Marrewijk et al. 
2008), 
• Complexity is compounded by uncertainty (Williams 2002) 
• Project complexity is the source of uncertainty in project (Danilovic and Browning 2007), (Secretariat 
2007). 
Since those concepts are in contradiction the project complexity is included in research on large-infrastructure 
projects and research question was raised: How complexity and uncertainty are related in the large infrastructure 
projects? 
2.  The background of the project complexity 
The concept of complexity comes from the systematic approach, the application of which is the basis of project 
management.  The perception of complexity developed from its beginnings at the end of the 1950s during which it 
experienced a significant evolution. This development of the perception of complexity (Mueller et al. 2007) is 
shown on the time line (Fig.1). 
In the literature, there are several concepts that deal with the same complexity of projects from different aspects, 
so that there are several different schools of thought:   
ͻ Organizational and technological (Baccarini 1996) 
ͻ Structural and uncertainty (Williams 2002) 
ͻ Fact, belief and interaction (Geraldi 2008) 
ͻ Structural, technical, directional and temporal (Remington and Pollack 2007) 
When it comes to project complexity, the first important concept was formulated by Baccarini (Baccarini 1996). 
He argues that the complexity of a project reflects "a lot of different interdependent parts," which are 
operationalized through differentiation and interdependencies and highlights that complexity is a concept that 
differs significantly from two other project characteristics – size and uncertainty. In his work he deals with only 
two types of complexity – organizational and technological. Williams further elaborates on this approach to more 
narrowly define these two types of complexity (Williams 2002). In organizational complexity, "differentiation" is 
the number of levels in the hierarchy, the number of formal organizational units, the number of specialties, etc., 
while "interdependence" is considered the degree of commercial interdependence of the organisational elements. 
For technological complexity, "differentiation" is the number and variety of input and output elements, activities or 
specialties, while "interdependence" refers to the interdependence between activities, teams, technology, or input 
elements. Williams calls this type of complexity structural complexity. (Figure 2) 
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Fig. 1. A historical development of perception of complexity 
Fig. 2. The evolution of Baccarini’s complexity model of according to Williams 
Structural complexity in projects relates to the complexity of the product – the number of subsystems and their 
interdependence which can be reflected through the way changes in one subsystem influence others. In this context, 
what type of relationships these are not significant. Williams refers to Thompson's categorisation of types of 
interdependence as representative: collective (each element independently contributes to the project), sequential 
(one result of one element becomes the input for another element) and reciprocal (where the result of one element 
becomes the input for other elements such that the activity of each element must be modified according to the 
actions of others). This last type increases the intensity of complexity  
BaccariniBaccarini /WilliamsWilliams
Complexity
Structural
Differentiation: 
Technological and Organisational
Interdependence: 
Technological and Organisational
Uncertainty
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In addition to structural complexity, another type of complexity appears. This type is related to the "the 
instability of the assumptions upon which the activities are based " or the uncertainty processed by Turner and 
Cochrane in their concept (Williams 2002). There are two types of uncertainty in a project: the uncertainty of the 
objectives (how many objectives have been defined) and the uncertainty of the method (how many methods have 
been defined for achieving the objectives) on the basis of which different methods of management and running the 
project are proposed.  
Fig. 3. Project complexity according to Williams (Williams 2002) 
This concept is based on IT projects and Williams has generalized it and united it with Baccarini's approach into 
one model. 
According to the Pattern of complexity concept which Geraldi ((Geraldi 2008), (Mueller et al. 2007)) uses in her 
research, complexity is divided into three groups. Complexity as faith is present when something unique is done, a 
new problem is solved, or in the case of extreme uncertainty. In these instances, it is not known whether the result 
will have an effect, but it is believed that it will. Complexity as fact is similar to structural complexity and is based 
on a large amount of related information. Complexity as interaction is usually present in the interface between 
location and people and is characterized by transparency, reference repetitiveness and empathy. 
Remington and Pollack approach complexity in a slightly more detailed manner and differentiate between four 
dimensions of complexity. Structural complexity is no different from that previously analysed in Williams' model. 
Technical complexity covers technical and design issues related to the product and untried and unfamiliar 
techniques. Directional complexities appear where there are unknown objectives, vague meanings and hidden 
interests, and include ambiguity and multiple interpretations of objectives, political and cultural relations. Temporal 
complexity relates to variability over time and thus covers the uncertainty due to future constraints, expectation of 
change and even uncertainty of the very existence of the system. 
Williams' model of complexity is suitable for modeling complexity and close to the systematic approach on 
which project management is based. All four approaches to complexity fundamentally observe complexity from 
the same perspective, and all ultimately come down to two aspects of a project – structure and uncertainty. 
Table 2. Comparison of five concepts of dimensions of project complexity  
Baccarini Structural technical - 
Structural organisational 
Williams Structural Uncertainty
Geraldini Factual Faith Interaction
Remington i Pollack Structural Technical Temporal      Directional
Senge Detailed Dynamic 
Project 
complexity
Structural 
complexity
Size: number of 
elements Complex interaction: 
total sum is greater 
than the sum of the 
parts
Connection 
between 
elements
Uncertainty
Uncertainty of 
objectives
Uncertainty of 
methods
Structural 
complexity united 
with uncertainty
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Hertogh and Westervelde "played with complexity" in their research as the main characteristics that accompany 
large-scale infrastructure projects (LIP) in order to connect the management and complexity of large-scale 
infrastructure projects (Hertogh and Westerveld 2009). Research of practitioners' perception of LIP complexity 
defines six elements of complexity: Technical, Social, Financial, Legal, Organisational, and Temporal. Since Senge 
distinguishes two types of complexity: 
 Detailed which represents a large number of components with a high degree of correlation 
 Dynamic which represents the potential for development over time (self-organisation and co-evolution) or 
limited understanding and limited predictability 
Hertogh and Westerweld have developed matrix approach for coplexity analysis defining for each element of 
complexity detailed and dynamic atributes (Hertogh and Westerveld 2009): 
Table 1. Examples of detailed and dynamic complexity for six elements (Hertogh and Westerveld 2009) 
Complexity  Detailed complexity Dynamic complexity 
Technical: Large-scale product (scope) 
Many connections among parts of the product 
Untried technology  
Technical uncertainty 
Social: Large number of interested parties  
Many connections 
Conflict of interest  
Various meanings and perceptions  
Major impact on the environment  
Financial Costs and benefits are difficult to calculate and 
are not equally divided 
Perception of the development of costs which 
differs from calculations  
Variable market conditions  
Different perceptions of definitions and agreements
Strategic misinterpretation, optimistic / pessimistic bias 
‘Cascade of distortion’ effect 
Legal Large number of approvals and permits 
Comprehensive legislation and policies have a 
significant impact on the content and process 
Changeable, non-existent, and conflicting laws 
People need space for execution of activities (look for holes as 
extra space) 
Organisational Large number of organisations involved  
Large number of processes that interfere 
Large number of contracts  
Find and keep motivated people adequate to the challenge. 
Large number of decisions with uncertain best solution 
Future development impacts the organization that delivers the 
project 
Temporal Planning of activities and their relationships Long time frame with continuous development 
No sequential (step by step) implementation process, processes are 
carried out in parallel 
Planning contains a large number of uncertain and unclear 
processes 
3. Research methodology 
The data needed to carry out the research was collected from available documentation, information obtained 
from official authorized individuals and through structured interviews conducted on the basis of the Questionnaire, 
the contents of which are grouped in 6 groups: 
• Basic project data 
• Project characteristics 
• Project success and management 
• Data on estimates and changes 
• Project authorization 
• Risk management 
Interviews were conducted with the project leader or a team member who had responsibility for running the 
project, the majority of whom were employees of public companies. There was only one project for which the 
project leader was an employee of a private consulting firm. Prior to conducting the interviews, the questionnaire 
was sent to the respondents to enable them to prepare for the interview and to find the necessary documentation. 
The interviews lasted 2 to 3 hours, depending on the respondent’s level of preparedness and knowledge of the 
subject matter.  
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Data for the research included projects that meet the defined criteria for classification as large-scale 
infrastructure projects: 
• As a result of their purpose they belong in the category of infrastructure according to the National Strategy 
of the Republic of Croatia 
• The capital value of the projects is over EUR 50 000 000. 
The majority of projects that make up the research sample group belong to motorways, while tunnels, bridges, 
roads, supply and drainage and state railways are also represented. The majority of the projects in the sample are of 
a national strategic and political character as well as of particularly high political and strategic importance. Based 
on these characteristics the conclusion is that the projects in the sample meet the criteria for categorization as large-
scale infrastructure projects. 
Projects for the most part used stable, well-known and tested technology, were mostly carried out in uninhabited 
areas, the topography of the terrain was equally hilly and lowland, and the type of undertaking, new construction.  
As Hertogh and Westerveld’s model was characterised as practitioner’s perspective, to assess the perception of 
the complexity, the categories of technical, organizational, financial, legal, social, temporal, and miscellaneous 
were used. Respondents were asked to rate the overall complexity of a project and to separately rate each type of 
complexity.  In addition to that, they were asked to identify elements of complexity for each group, as explanation 
of the assessment. This data were used for regression analysis of the impact of individual ratings on the overall 
assessment of complexity. Structure of data is presented in Table 2 and Figure 4 represents complexity of the 
sample. 
Table 2. Structure of data obtained for the research of project complexity 
Figure 4 Sample of projects according to the respondents' perception of complexity 
Separately, during the interview respondents were asked to identify constraints which had greatly influenced the 
management of the project. Also, as the central part of the entire research was risk management, risk analysis was 
Complexity Assessment Elements of complexity 
technical Limited, significant, extremely high 
organizational Limited, significant, extremely high 
financial Limited, significant, extremely high 
legal Limited, significant, extremely high 
social Limited, significant, extremely high 
temporal Limited, significant, extremely high 
miscellaneous Limited, significant, extremely high 
Overall complexity Limited, significant, extremely high 
ϭϵй
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made according to risk model developed in previous research (Burcar and Radujkovic 2008), and for this part of 
research the results of qualitative analysis, the risk components (sources, drivers, events and consequences).  
Williams’s model was used for mapping complexity against uncertainty. Elements of complexity were mapped 
with respect to uncertainty using risk components and with respect to structural complexity. 
4. Results and discussion 
Based on the data obtained, essential characteristics of large-scale infrastructure projects that contribute to their 
complexity as basic characteristics were confirmed, as well as the relationship between the complexity and 
uncertainty of a project. Two models were used for analysis of complexity; Williams’s model and Hertogh and 
Westerveld’s model. For carrying out the research on projects, the approach applied by Hertogh and Westerveld 
was taken and included two approaches – a practitioner’s approach for data collection, and a theoretical approach 
for processing.  
The intention of the research was to examine the correlation between the overall perception of project 
complexity and specific types of complexity. Regression analysis of the impact of individual ratings on the overall 
assessment of complexity gives the coefficient (R-square) less than 0.5, which means that the model for the 
evaluation of overall complexity according to the perception of specific types of complexity is not appropriate. 
Introducing first political and then strategic importance of the project into the model resulted in a slightly better 
coefficient, but it is still not enough to be considered a reliable model, though it does provide guidance for future 
research. 
Because of the similarity in the approaches of Senge (which was used in Hertogh and Westerveld’s approach) 
and Williams, their comparison was used. It was immediately clear that detailed complexity and structural 
complexity are the same categories, while equivalence of uncertainty and dynamic complexity is not so clear. The 
fact is that the uncertainty of a project arises from the dynamics of the project and the environment and changes 
their relationship. It can be concluded that complexity is reflected through a large number of elements and their 
connections on the one hand, and on the other, through determination / uncertainty of elements and their 
relationships. Therefore, the complexity of a project can be mapped and correlated with the risks in order to 
determine the uncertainty of a project. 
However, with qualitative analysis of the identified elements of complexity by category, applying Senge’s 
approach it is concluded that in the large-scale infrastructure projects elements of complexity are mostly related to 
dynamic complexity. On the other hand, applying Williams's approach to the categorization of elements of 
complexity, a large number of elements remain unclassified. The analysis of unclassified elements of complexity 
resulted with conclusion that they are all related to project constraints. 
Qualitative and quantitative analysis shows that the above-mentioned model of complexity requires 
improvement. Elements of complexity identified with this research show that in addition to the two sources 
mentioned, structural complexity and uncertainty, there is another significant source of complexity – constraint. 
Moreover, Table 3 shows that the perception of project managers is that constraint are dominant part of complexity 
in large infrastructure projects. 
Table 3. The structure of complexity elements by two categories 
Type of 
complexity 
Financial 
Elements 
Organisational 
Elements 
Other 
Elements 
Legal 
Elements 
Social 
Elements 
Technical 
Elements 
Temporal 
Elements 
To
ta
l 
N % %-t N % %-t N % %-t N % %-t N % %-t N % %-t N % %-t 
Structural 0 0 0 6 0,21 0,05 0 0 0 3 0,13 0,02 5 0,42 0,04 5 0,18 0,04 0 0 0 0,15 
Uncertainty 2 0,17 0,02 8 0,28 0,06 1 0,1 0,01 11 0,48 0,08 2 0,17 0,02 12 0,43 0,09 4 0,24 0,03 0,31 
Constraint 10 0,83 0,08 15 0,52 0,11 9 0,9 0,07 9 0,39 0,07 5 0,42 0,04 11 0,39 0,08 13 0,76 0,1 0,55 
Total 12 1 0,09 29 1 0,22 10 1 0,08 23 1 0,18 12 1 0,09 28 1 0,21 17 1 0,13 1 
N – number, % – per cent in each element, %-t – per cent in overall sample. 
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5. Conclusion 
Complexity is, in addition to uncertainty, a feature which is typical of large-scale infrastructure projects, so the 
research dealt with this characteristic, particularly due to the fact that these two characteristics are intertwined and 
in various interpretations appear in different roles in relation to one another. Understanding the types of complexity 
has a significant influence on the selection of a management strategy. Hertogh and Westerveld (Hertogh and 
Westerveld 2009) made a direct connection between the type of complexity of a project and the management 
approach. 
Based on this type of analysis, we can conclude that existing models of project complexity do not suffice for an 
overall definition of project complexity. The results allow for a definition of a new structure of project complexity 
as the basis for the formation of a new model of complexity (Figure 5), while for its validation and verification it is 
necessary to conduct further research. Introducing constraints as part of complexity opened a new perspective on 
project complexity (Table 4). 

Figure 5. A new framework for project complexity  
What is complex and what is simple is relative and changes with the time and perspective. The fact that results 
showed small correlation between the overall perception of project complexity and specific types of complexity we 
can make two possible conclusions: either that practitioner’s way of perceiving complexity needs to be updated 
with additional element (e.g. political and strategic elements) or that the perception of complexity is not a valid 
way for research project complexity. Complexity of large infrastructure projects is very important and 
Project complexity
Structural 
complexity
Size: number of 
elements A complex manner of 
interaction: the total sum is 
greater than the sum of the 
parts
Dependencies among 
elements
A complex manner of 
interaction: the total sum is 
greater than the sum of the 
parts
Uncertainty
Uncertainty of 
objectives
Structural complexity 
united with uncertainty
Uncertainty of 
methods
Structural complexity 
compounded by 
uncertainty
Constraints
Constraints of the 
environment
Structural complexity 
united with uncertainty 
increased by constraints
Constraints of 
resources
Constraints of 
objectives
Structural complexity 
compounded by 
uncertainty increased by 
constraints
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comprehensive characteristic and due to its correlation to management approach it is needed to be analysed further 
more. 
Table 4. Comparison of five concepts of dimensions of project complexity  
Baccarini Structural technical - 
Structural organisational 
Williams Structural Uncertainty
Geraldini Factual Faith Interaction
Remington i Pollack Structural Technical Temporal      Directional
Senge Detailed Dynamic  
Burcar Dunovic et.all Structural Uncertainty Constraints 
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